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ABSTRACT: We consider the gauge theory of Lorentz group coupled in a nonminimal way to
fermions. We suggest the hypothesis that the given theory may exist in the phase with broken
chiral symmetry and without confinement. The lattice discretization of the model is described.
This unusual strongly coupled theory may appear to be the source of the dynamical electroweak
symmetry breaking. Namely, in this theory all existing fermions interact with the SO(3, 1) gauge
field. In the absence of the other interactions the chiral condensate may appear and all fermionic
excitations may acquire equal masses. Small corrections to the gap equations due to the other
interactions may cause the appearance of the observed hierarchy of masses.
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1 Introduction
The scalar excitation recently found at 125 GeV is now interpreted as the Higgs boson [1, 2].
The existence of the other Higgs bosons with the same (or, larger) production cross - sections is ex-
cluded within the wide ranges of masses approximately from 130 GeV to 550 GeV [3, 4]. However,
this does not mean that the existence of scalar particles within these ranges of masses is excluded
completely. The particles with smaller values of production cross - sections are allowed. In [5–7]
it was suggested that such particles may appear. It was supposed that these particles together with
the 125 GeV Higgs may be composed of known Standard Model fermions due to the unknown
strong interaction between them (with the scale Λ above 1 TeV). This unknown interaction if it
exists should have very specific properties that make it different from the conventional technicolor
(TC) interactions [8–10] (for a recent alternative to the technicolor see, for example, [11]).
First, these interactions cannot be confining since otherwise they would confine quarks and
leptons to the extremely small regions of space ∼ 1/Λ, so that all strong and weak interaction
physics would be missed. At the same time these interactions should provide the spontaneous chiral
symmetry breaking needed to make W and Z bosons massive. Some models with such properties
were already discussed in the framework of the topcolor [12, 17–21, 33, 35, 38]. For the review
of the conventional technicolor see [22–24, 38]. The topcolor assisted technicolor (combines both
technicolor and topcolor ingredients) was considered in [25–29]. The models based on the extended
color sector were considered in [30, 31]. For the top - seesaw see [32]. In [5, 6, 11] the scenario was
suggested according to which the chiral condensates appear corresponding to some of the Standard
Model fermion fields (not necessarily of the top quark only). This pattern provides both masses for
the W, Z bosons and for the fermionic particles.
The considerations of [5–7] were based on the NJL approximation. Due to the non - renor-
malizability it is to be considered as the phenomenological model with the finite ultraviolet cutoff
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Λ. In the majority of papers on the NJL approximation only the leading order in 1/N expansion
was considered. The contributions of higher loops, however, may be strong. Actually, nonpertur-
bative lattice results and higher orders of the perturbation theory demonstrate that all dimensional
parameters of the relativistic NJL models are of the order of the cutoff [12, 36, 39]. Moreover,
the higher loop corrections may destroy the dynamical electroweak symmetry breaking (DEWSB)
just like the quadratic divergent contributions to the Higgs boson mass destroy the DEWSB in the
Standard Model. That’s why the problem of higher order corrections in the NJL models is related
to the hierarchy problem of the Standard Model.
In [6] it was proposed to look at the effective four - fermion (NJL) approximation as at the
effective low energy theory, in which only the one - loop results have sense. The higher loops are
simply disregarded. This approach is similar to the consideration of the hydrodynamics with the
corrections due to phonon loops disregarded. In quantum hydrodynamics there exist the divergent
contributions to physical quantities (say, to the vacuum energy). If these divergences are omitted,
the classical hydrodynamics appears as a low energy approximation to quantum theory. Why is this
so? The quantum hydrodynamics is an effective low energy theory with the cutoff Λ. The complete
theory contains the trans - Λ degrees of freedom, whose contribution to vacuum energy exactly
cancels the divergent loop phonon contributions of quantum hydrodynamics. This occurs due to
the thermodynamical stability of vacuum [40]. It was also suggested that the similar mechanism
may be responsible for the cancellation of the ultraviolet divergences in quantum gravity as well as
for the cancellation of the dangerous quadratically divergent contribution to the Higgs boson mass
in the Standard Model [41].
It is worth mentioning that in QCD [37] and in Technicolor [38] usually only the one - loop
NJL results are taken into account. In many papers on the NJL models of top quark condensation
(TC) [33, 35] the cutoff was assumed to be many orders of magnitude larger than the electroweak
scale, but the consideration was limited to one loop. Next to leading approximation in TC was
considered in [12, 36]. In the Extended Technicolor (ETC) [38] the effect of the ETC gauge group
is taken into account through the effective four - fermion term. Loop contributions would give
values of masses ∼ Λ2ETC ,ΛETC MT , but these contributions are usually omitted.
In [6] it was proposed that in the models of the dynamical electroweak symmetry breaking
with composite Higgs bosons there exist the contributions of the microscopic theory due to the
trans - Λ degrees of freedom that cancel the dominant higher loop divergences of the low energy
NJL effective theory. Therefore, the one - loop results dominate. In the present paper we follow
this proposition. Sure, this is a kind of the fine - tuning that is often considered as unnatural. But,
is this possible to avoid the fine - tuning while providing the fermion masses from less than 1 eV
for neutrino to about 174 GeV for the top - quark (the difference is eleven orders of magnitude)?
It was proposed [5–7] that in the zero order approximation all fermions have the same masses.
Small corrections to the gap equations are able to provide considerable difference between the
quark masses. This is how the hierarchy of masses appears. Unfortunately, in addition, in this
approach numerous light higgs bosons appear. Some physics is to be added to [5–7] in order to
provide extra light higgs bosons with the masses on the order of the top quark mass (see discussion
below in section 5). The given pattern prompts that the mentioned unknown forces binding quarks
are to be universal, i.e. they have to act in the same way on all fermions. We know only one kind
of forces that act in the same way on all particles: the gravitational forces. At the same time, the
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scale of the Riemannian gravity is the Plank mass that is many orders of magnitude larger than the
expected scale for these interactions. However, one may consider quantum gravity with torsion.
Its dynamical variables are the vierbein (that is related to Riemannian gravity) and the SO(3, 1)
connection that gives rise to torsion. With the vierbein frozen we come to the gauge theory of
Lorentz group [13, 14]. At the present moment we cannot point out any particular quantum gravity
theory that gives rise to the dynamical torsion with the scale much smaller than the scale of the
fluctuating metric. (The former scale is not fixed but is assumed to be between 103 TeV and 1015
GeV while the latter scale is assumed to be given by the Plank mass ≈ 1019 GeV.)
In this paper we suggest the possibility that the gauge theory of Lorentz group binds quark
and lepton fields giving rise to the dynamical electroweak symmetry breaking in the spirit of the
models of top - quark condensation [20, 35] and the models considered in [11]. This theory is
strongly coupled but it has the properties that make it different from the QCD - like technicolor
theories [8–10]. Therefore, we expect that it may provide chiral symmetry breaking without the
confinement. One of the characteristic features of this theory is that the term linear in curvature
appears similar to the Palatini action of the Poincare gravity. When the other terms for the gauge
field are neglected, this term gives rise to the four - fermion interactions. In the context of Poincare
gravity (i.e. in the presence of nontrivial vierbein) this was considered in [43–46]. The induced
four - fermion interactions were considered in [47–49] as a source of the fermion condensation
used, mainly, in a cosmological background. In our previous paper [50] we have suggested that
nonminimal coupling [51] of fermion fields to torsion (when Parity is broken by the torsion action)
may provide the condensation of the fermion bilinears composed of the right - handed fermions,
and cause the Dynamical Electroweak Symmetry Breaking (DEWSB) if the technifermions are
placed in the right - handed spinors while the Standard Model fermions are placed in the left -
handed spinors. In the present paper we do not consider such a pattern and do not introduce the
technifermions at all.
It is worth mentioning that the most general form of the nonminimal coupling of fermions to
gauge field of Lorentz group (the gravity with torsion) was suggested only recently in [46]. Later it
was used, for example, in [63]. It is important that dealing with the Lorentz gauge theory we cannot
consider only the minimal coupling because the nonminimal interaction between fermions and the
gauge group is generalted dynamically. Therefore, following [63] we consider the nonminimal
coupling from the very beginning. It is worth mentioning that the parity violation appears in the
model of the fermions coupled to gravity with torsion in two cases: if there is the nonminimal
parity breaking coupling of fermions to gravity (this was considered, for example, in [46]) and if
the pure gravity action contains the parity - breaking terms (for example, in [43] the Holst action
is considered that breaks parity). In both cases there take place effects of atomic parity violation.
However, in the model considered in the present paper neither of the two mentioned above sources
of parity violation appear: the considered non-minimal coupling of fermions to gravity does not
break parity, while the Holst term of the gravity action is absent; also there are no parity breaking
terms of the action quadratic in curvature.
Strongly coupled theories are to be investigated using nonperturbative methods. The most
powerful nonperturbative method is the numerical simulation of the model in lattice discretization.
Therefore, we consider the lattice discretization. In its essence our discretization is similar to that of
suggested in [64] for the Poincare gravity, and in [63] for the theory of quantum gravity suggested
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by D.I.Diakonov.
The paper is organized as follows. In the 2-nd section we consider fermion fields coupled to
the gauge theory of the Lorentz group. In the 3-rd section we consider the action for the gauge field
and derive the four - fermion interactions that appear after the integration over torsion. In the 4 - th
section we apply NJL technique to the four - fermion interactions of fermions and describe how the
chiral symmetry breaking occurs. In the 5 - the section we consider the model that appears when
small perturbations to the exchange by the Lorentz group gauge bosons are taken into account.
In section 6 we introduce the lattice discretization needed for the numerical investigation of the
model. In section 7 we end with the conclusions.
2 Fermions coupled to the gauge field of Lorentz group
We consider the CP - invariant action of a massless Dirac spinor coupled to the SO(3, 1) gauge
field in the form [46]:
Sf =
i
2
∫
{ψ¯γµζDµψ − [Dµψ¯]ζ¯γµψ}d4x (2.1)
Here ζ = η + iθ is the coupling constant, the covariant derivative is Dµ = ∂µ + 14C
ab
..µγ[aγb];
γ[aγb] =
1
2(γaγb − γbγa). The spin connection is denoted by Cµ. It is related to Affine connection
Γijk and torsion T
a
.µν as follows:
Γaµν = C
a
.µν
T a.µν = C
a
.[µν] (2.2)
Indices are lowered and lifted via metric g of Minkowsky space as usual.
The symmetry group of the theory is the group of local Lorentz transformations [13, 14]. The
infinitesimal transformations are given by
xi → Λi.j(x)xj = xi + ij(x)xj , (x) ∈ so(3, 1)
ψ(x) → Λ˜ψ(Λi.j(x)xj) = (1−
1
4
abγ[aγb])ψ(Λ
i
.j(x)x
j),
∂j +
1
4
Cabj (x)γ[aγb] → Λk.jΛ˜
(
∂k + C
ab
k¯ (Λ
i
.j(x)x
j)γ[aγb]
)
Λ˜−1 (2.3)
Another way to look at this symmetry is to restore the field of the vierbein that corresponds to
vanishing Riemannian curvature. The symmetry group of this system is Diff ⊗ SO(3, 1)local.
Fixing the trivial value of the vierbein eak = δ
a
k we break this symmetry: Diff ⊗ SO(3, 1)local →
SO(3, 1)local. This breakdown is accompanied by distinguishing local Lorentz transformations out
of the general coordinate transformations.
Eq. (2.1) can be rewritten as follows:
Sf =
1
2
∫
{iψ¯γµζ∇µψ − i[∇µψ¯]ζ¯γµψ
+
i
4
Cabcψ¯[{γ[aγb], γc}η − i[γ[aγb], γc]θ]ψ}d4x (2.4)
– 4 –
Here ∇ is the usual derivative. Next, we obtain:
Sf =
1
2
∫
{iψ¯γµζ∇µψ − i[∇µψ¯]ζ¯γµψ
−1
4
Cabcψ¯[−2abcdγ5γdη + 4ηc[aγb]θ]ψ}d4x (2.5)
Now let us introduce the irreducible components of torsion:
Si = jkliTjkl
Ti = T
j
.ij
Tijk =
1
3
(Tjηik − Tkηij)− 1
6
ijklS
l + qijk (2.6)
In terms of S and T (2.5) can be rewritten as:
Sf =
1
2
∫
{iψ¯γµη∇µψ − i[∇µψ¯]ηγµψ
+
1
4
ψ¯[γ5γdηS
d − 4θT bγb]ψ}d4x (2.7)
One can see that θ disappears from the first term with usual derivatives. However, it remains
in the second term. It is worth mentioning that in the theory with dynamical field Cab..µ it is not
possible to consider only the minimal coupling with θ = 0 because the second term with nonzero
θ is to appear dynamically.
3 Gauge field action
Let us consider the action of the form Sg = ST + SG with
ST = −M2T
∫
Gd4x (3.1)
and
SG = β1
∫
GabcdGabcdd
4x+ β2
∫
GabcdGcdabd
4x
+β3
∫
GabGabd
4x+ β4
∫
GabGbad
4x
+β5
∫
G2d4x+ β6
∫
A2d4x (3.2)
with coupling constants β1,2,3,4,5,6. Here Gab..µν = [Dµ, Dν ] is the SO(3, 1) curvature, G
abcd =
δcµδ
d
νG
ab
µν , G
ac = Gabc...b , G = G
a
a,
A = abcdGabcd (3.3)
Actually, Eq. (3.2) is the most general quadratic in curvature action that does not break Parity [66].
The topological charge may be composed of different terms of Eq. (3.2):
Q ∼
∫
d4x(R2 − 4RabRab +RabcdRcdab) (3.4)
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Therefore, up to the the topological term we have five independent terms quadratic in curvature.
ST may be represented in terms of torsion [45]:
ST = M
2
T
∫
{2
3
T 2 − 1
24
S2}d4x+ S˜ (3.5)
Here S˜ depends on q but does not depend on S, T . Let us suppose for a moment that it is possible
to neglect SG in some approximation. Then the integration over torsion degrees of freedom can be
performed for the system that consists of the Dirac fermion coupled to the gauge field. The result
of this integration is [43, 46]:
Seff =
1
2
∫
{iψ¯γµη∇µψ − i[∇µψ¯]ηγµψ}d4x
− 3
32M2T
∫
{V 2θ2 −A2η2}d4x (3.6)
Here we have defined:
Vµ = ψ¯γµψ
Aµ = ψ¯γ
5γµψ (3.7)
The next step is the consideration of the fermions coupled to the gauge field of Lorentz group
with action ST + SG. This theory may appear to be renormalizable due to the presence of terms
quadratic in curvature [68, 69]. Our supposition is that the theory contains the scale Λχ ∼MT . The
effective charges entering the term of the action with the derivative of torsion depend on the ratio
/Λχ, where  is the energy scale of the considered physical process. We suppose that under certain
circumstances running coupling constants βi(/Λχ) are decreased with the decrease of . This does
not contradict to the asymptotic freedom (βi(/Λχ) → ∞ at  → ∞) that is often considered as
the condition for the self - consistency of the gauge theory. However, due to the existence of ST
in the action we do not expect confinement, and at small enough energies  << Λχ it is possible
to neglect SG. The theory with the low energy effective action Eq. (3.6) has the natural cutoff
Λχ. In the next section we shall demonstrate that in this theory the dynamical breakdown of chiral
symmetry is possible.
4 Chiral symmetry breaking
As it was mentioned in the Introduction we restrict ourselves with the one - loop analysis of the
effective NJL model derived in the previous secton. This is based on the assumption that due to a
certain symmetry the dominant divergencies that appear at more than one loop are exactly cancelled
by contribution of the trans - Λχ degrees of freedom of the microscopic theory. (The microscopic
theory in our case is the complete gauge theory of the Lorentz group or the Poincare gravity that
contains it, or some other unified theory. As a result of the cancellation the one - loop results
dominate and we are able to use the one - loop gap equation for the consideration of the chiral
symmetry breaking.
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Let us apply Fierz transformation to the four fermion term of (3.6):
S4 =
3
32M2T
∫
{−θ2(ψ¯aγiψa)(ψ¯bγiψb)}d4x+ η2(ψ¯aγiγ5ψa)(ψ¯bγiγ5ψb)}d4x
=
3
32M2T
∫
{4(η2 + θ2)(ψ¯aLψbR)(ψ¯bRψaL) + (η2 − θ2)[(ψ¯aLγiψbL)(ψ¯bLγiψat,L)
+(L←→ R)]}d4x (4.1)
In this form the action is equal to that of the extended NJL model (see Eq. (4), Eq. (5), Eq. (6)
of [65]). In the absence of the other gauge fields the SU(N)L ⊗ SU(N)R symmetry is broken
down to SU(N)V (here N is the total number of fermions). We suppose that the Electroweak
interactions act as a perturbation.
For the purpose of the further consideration we denote GS =
3(θ2+η2)Λ2χ
64M2T pi
2 ; GV =
θ2−η2
4(θ2+η2))
GS .
Here Λχ is the cutoff that is now the physical parameter of the model. We also denote gs =
4pi2GS
Λ2χ
= 3(θ
2+η2)
16M2T
. Next, the auxiliary fields H , Li, and Ri are introduced and the new action for
ψ has the form:
S4,t =
∫
{−(ψ¯at,LH+abψbR + (h.c.))−
8M2T
3(θ2 + η2)
H+abHab}d4x
+
∫
{(ψ¯at,LγiLabi ψbt,L)−
32M2T
3(θ2 − η2)TrL
iLi + (L←→ R)}d4x (4.2)
Integrating out fermion fields we arrive at the effective action for the mentioned auxiliary fields
(and the source currents for fermion bilinears). The resulting effective action receives its minimum
at H = m1, where m plays the role of the fermion mass (equal for all fermions). We apply the
following regularization: 1−p2+m2 →
∫∞
1
Λ2χ
dτe−τ(−p2+m2). With this regularization the expression
for the condensate of ψ is:
< ψ¯ψ > = i
∫
d4p
(2pi)4
1
pγ −m = −
1
16pi2
4m3Γ(−1, m
2
Λ2χ
) (4.3)
Here Γ(n, x) =
∫∞
x
dz
z e
−zzn. The gap equation is m = −gs < ψ¯ψ >, that is
m = GSm{exp(−m
2
Λ2χ
)− m
2
Λ2χ
Γ(0,
m2
Λ2χ
)} ≈ GSm(1− m
2
Λ2
log
Λ2χ
m2
), (Λχ  m) (4.4)
There exists the critical value of GS : at GS > 1 the gap equation has the nonzero solution for m
while for GS < 1 it has not. This means that in this approximation the condensation of fermions
occurs at
MT < M
critical
T =
√
3(θ2 + η2)
Λχ
8pi
∼ Λχ (4.5)
The analogue of the technipion decay constant FT in the given approximation is:
F 2T =
m2
8pi2
Γ(0,
m2
Λ2χ
) ≈ m
2
8pi2
log
Λ2χ
m2
, (Λχ  m) (4.6)
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In order to have appropriate values of W and Z - boson masses we need FT ∼ 250/
√
N Gev,
where N = 24 is the total number of fermions. It is given by N = (3 generations)× (3 colors +
1 lepton) × (2 fermions inSU(2) doublets) = 3 × 4 × 2 = 24. Rough estimate via Eq. (4.6)
with m = 174 GeV (top quark mass) gives the value Λχ ∼ 5 TeV. At the same time if only one
t quark contributes to the formation of the gauge boson masses we would have Λχ ∼ 1015 GeV.
This, probably, means that Eq. (4.6) cannot be used directly and should be a subject of a subsequent
change. In a realistic theory the fermions should have different masses due to the corrections to the
gap equations caused by the other interactions (see below). In order to avoid the constraints on the
FCNC we need Λχ ≥ 1000 TeV.
In the absence of SM interactions the relative orientation of the SM gauge group GW =
SU(3) ⊗ SU(2) ⊗ U(1) and SU(N)V from SU(N)L ⊗ SU(N)R → SU(N)V is irrelevant.
However, when the SM interactions are turned on, the effective potential due to exchange by SM
gauge bosons depends on this relative orientation. Minimum of the potential is achieved in the
true vacuum state and defines the pattern of the breakdown of GW . This process is known as the
vacuum alignment. In [70, 71] this process was considered for the conventional technicolor. It was
shown that under very natural suppositions GW is broken in a minimal way. This means that the
subgroups of GW are not broken unless they should. We suppose, that the same arguments work
also for the dynamical theory of Lorentz group as a source of the dynamical electroweak symmetry
breaking. The form of the condensate requires that SU(2) and U(1) subgroups are broken. That’s
why in the complete analogy with SU(NTC) Farhi - Susskind model the Electroweak group in our
case is broken correctly while the SU(3) group remains unbroken.
5 Taking into account small perturbations
Let us briefly mention what happens to the gap equation Eq. (4.4) when the corrections are taken
into account due to the Standard Model gauge fields and, due to some other unknown interactions.
The four - fermion interaction term of Eq. (4.1) is modified in this case. To demonstrate, how this
may work, let us consider the toy model that involves only t and b - quarks, and ignore the color.
Correspondingly, we have the left - handed doublet χTA,L = (tL, bL) and the right - handed doublet
χTA,R = (tR, bR). The unperturbed action has the form
S =
∫
d4x
(
χ¯[i∇γ]χ+ 8pi
2
Λ2χ
(χ¯A,Lχ
B
R)(χ¯B¯,Rχ
A
L)I
B¯
B
)
(5.1)
with IB¯B = δ
B¯
B (1 + y). The four - fermion terms similar to the second term of Eq. (4.1) with
the product of two vector - like fermion bilinears do not contribute to the one - loop gap equation.
Therefore, we omit these terms. The one - loop gap equation gives equal masses of top and bottom
quarks M = Mt = Mb:
M2
Λ2
log
Λ2
M2
= y (5.2)
Now let us consider as a perturbation the gauge field B interacting with the right - handed
top - quark only. We imply that the corresponding U(1) symmetry is broken spontaneously, and
B receives mass MB much larger than Λχ. The corrections to Eq. (5.1) due to the exchange by
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B give the modification of Eq. (5.1) with IB¯B = diag
(
1 + yt, 1 + yb
)
, where yb ≈ y, while
|yt − yb| ∼ Λ
2
χ
M2B
.
This toy pattern demonstrates how perturbations may affect action of Eq. (4.1). Next, we
consider the NJL model of general type that generalizes the model with action Eq. (5.1) and that
involves all 6 quarks and all 6 leptons (neutrino is supposed to be of Dirac type). The particular
form of the four - fermion action is obtained under the supposition that the tensor of coupling
constants standing in front of the four - fermion term is factorized and under the supposition that
lepton number originates from the fourth color. At the present moment we do not intend to consider
this model as realistic. It is rather an example of how this may work and does not exhaust all
possible deformations of the theory by small perturbations. However, in principle, with certain
updates this model may pretend on the description of the TeV - scale physics. (For the consideration
of points, where it is to be updated see the discussion below.) The action of this NJL model is
suggested in [7] and generalizes the action suggested in [33] considered in details in [5, 6]:
S =
∫
d4x
(
χ¯[i∇γ]χ+ 8pi
2
Λ2
(χ¯k,αA,Lχ
l,β,B
R )(χ¯l¯,β¯B¯,Rχ
k¯,α¯A
L )W
k
k¯W
l¯
lL
α
α¯R
β¯
βI
B¯
B
)
(5.3)
Here χTk,αA = {(uk, dk); (ck, sk); (tk, bk)} for k = 1, 2, 3 is the set of the quark doublets with
the generation index α while χT4,αA = {(νe, e); (νµ, µ); (ντ , τ)} is the set of the lepton doublets.
Λ is the dimensional parameter. Hermitian matrices L,R, I,W contain dimensionless coupling
constants. The form of action Eq. (5.3) with W = diag (1 + 12Weµτ , 1, 1, 1) is fixed by the
requirement that there is the SU(3) ⊗ SU(2) ⊗ U(1) symmetry. We imply that all eigenvalues
of matrices L,R, I are close to each other. If all quarks and leptons would experience only the
interaction via the gauge bosons of Lorentz group, then in this action the eigenvalues of L,R, I are
all equal to each other, and Weµτ = 0. In this case we would come to the scalar - scalar interaction
term of Eq. (4.1). Any small corrections to this equality gives the eigenvalues of L,R, I that only
slightly deviate from each other, and the value of Weµτ that only slightly deviates from 0. (After
the suitable rescaling Λ plays the role of the cutoff Λχ, while the eigenvalues of L,R, I are all
close to 1.) The difference between the model with action of Eq. (5.3) and the model of [5, 6] is
that in the present model the leptons are included and the color indexes (the fourth colour is the
lepton number) are contracted in the different way.
The basis of observed quarks corresponds to the diagonal form of L,R, I . We denote L =
diag(1+Lude, 1+Lcsµ, 1+Ltbτ ), R = diag(1+Rude, 1+Rcsµ, 1+Rtbτ ), I = diag(1+Iup, 1+
Idown), and
yu = Lude +Rude + Iup, yd = Lude +Rude + Idown,
...
yud = Lude +Rude + Idown, ydu = Lude +Rude + Iup,
...
yνe = Lude +Rude + Iup +Weµτ , ye = Lude +Rude + Idown +Weµτ ,
...
yνee = Lude +Rude + Idown +Weµτ , yeνe = Lude +Rude + Iup +Weµτ ,
... (5.4)
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These coupling constants satisfy the relation yq1q2 + yq1q2 = yq1 + yq2 . As it was mentioned
above, it is implied that |yq|, |yq1q2 | << 1. Bosonic spectrum of this model is formally given by
the expressions for the bosonic spectrum of the model suggested in [33] calculated in one - loop
approximation in [5, 6]. It is implied that in vacuum the composite scalar fields hq = q¯q are
condensed for all fermions q = u, d, c, s, t, b, e, µ, τ, νe, νµ, ντ . The induced fermion masses Mq
are related to the coupling constants yq, Λ as
M2q
Λ2
log
Λ2
M2q
= yq (5.5)
(Here it is implied that ΛMq.)
Instead of Eq. (4.6) we have in each of the qq¯ channel:
F 2T =
M2q
8pi2
log
Λ2
M2q
(5.6)
The t quark dominates. Therefore, in order to have appropriate values of W and Z - boson
masses we need FT ∼ 250/
√
N Gev, where N = 3 is the number of colours. This gives Λ =
Λχ ∼ 1015 GeV.
There are two excitations in each qq¯ channel:
MPqq¯ = 0; M
S
qq¯ = 2Mq (5.7)
and four excitations (i.e. two doubly degenerated excitations) in each q1q¯2 channel. (Pairings of
leptons and quarks are also allowed and give the colored scalar fields.) We denote the masses
M±q1q2 ,M
±
q2q1 . They are given by
M2q1q2 = M
2
q1 +M
2
q2 ±
√
(M2q2 −M2q1)2ζ2q1q2 + 4M2q1M2q2 (5.8)
with ζq1q2 =
2yq1q2−yq2−yq1
yq2−yq1 = ζq2q1 . It is worth mentioning that each of the scalar quark - antiquark
bosons carries two color indexes. In the absence of the SU(3) gauge field each of these channels
represents the degenerate nonet. When the color interactions are turned on we are left with the
singlet and octet states. Traceless octet states as well as the color scalar excitations of the quark -
lepton channels cannot exist as distinct particles due to color confinement.
Instead of the trivial Nambu sum rule of the simplest models of top - quark condensation
MH = 2Mt we have the sum rule [5]:
[M+q1q¯2 ]
2 + [M−q1q¯2 ]
2 + [M+q2q¯1 ]
2 + [M−q2q¯1 ]
2 ≈ 4[M2q1 +M2q2 ], (q1 6= q2);
[MPqq¯]
2 + [MSqq¯]
2 ≈ 4M2q (5.9)
In the case when the t - quark contributes to the formation of the given scalar excitation, its mass
dominates, and in each channel (tt¯, tc¯, ...) we come to the relation
∑
M2H,i ≈ 4M2t , where the sum
is over the scalar excitations in the given channel.
We already do not have the only gap equation. Instead, for each fermion particle its own
gap equation (5.5) appears. It is important, that although the corrections to the eigenvalues of
L,R, I,W are small, this does not mean that the corrections to the masses are small. Instead, the
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large difference between masses may appear in this way. We imply that this is provided by the fine
- tuning that is responsible for the cancellation of dominant higher - loop divergences in the NJL
model. As it was mentioned in the Introduction, this mechanism may be similar to the mechanism
that provides the cancellation of the divergent contributions to vacuum energy (due to sound waves)
in quantum hydrodynamics.
It is worth mentioning that among the mentioned Higgs bosons there are 24 Goldstone bosons
that are exactly massless (in the channels t(1±γ5)b¯, tγ5t¯, c(1±γ5)s¯, cγ5c¯, u(1±γ5)d¯, uγ5u¯, bγ5b¯,
sγ5s¯, dγ5d¯ and νe(1±γ5)e¯, νeγ5ν¯e, νµ(1±γ5)µ¯, νµγ5ν¯µ, ντ (1±γ5)τ¯ , ντγ5ν¯τ , τγ5τ¯ , µγ5µ¯, eγ5e¯).
There are Higgs bosons with the masses of the order of the t-quark mass (t(1 ± γ5)b¯, tt¯, t(1 ±
γ5)s¯, tγ5c¯, t(1 ± γ5)d¯, tγ5u¯ and t(1 ± γ5)e¯, t(1 ± γ5)µ¯, t(1 ± γ5)τ¯ , t(1 ± γ5)ν¯e, tγ5ν¯µ, tγ5ν¯τ ).
The other Higgs bosons have masses much smaller than the t - quark mass. If we want to heave
realistic model, extra light Higgs bosons should be provided with the masses of the order of Mt.
In principle, this may be achieved if the new gauge symmetries are added, that are spontaneously
broken. Then the extra light Higgs bosons may become massive via the Higgs mechanism. The
consideration of such a completion of the theory is out of the scope of the present paper.
In principle, all neutral Higgs bosons ha, a = tt¯, bb¯, τ¯ τ, ν¯τντ ... are coupled to the fields of the
Standard Model in a similar way. However, already at the tree level the corresponding coupling
constants are different for different Higgs bosons. At the tree level in the effective decay lagrangian
[72] the following terms dominate:
Leff =
2m2W
v
h(t¯t)W+µ W
−
µ +
m2Z
v
h(t¯t) ZµZµ + cg
αs
12piv
h(t¯t)GaµνG
a
µν
+cγ
α
piv
h(t¯t)AµνAµν − mb
v(b¯b)
h(b¯b) b¯b− mc
v(c¯c)
h(c¯c) c¯c − mτ
v(τ¯ τ)
h(τ¯ τ) τ¯ τ. (5.10)
We denote by v(a) the vacuum average of the scalar boson in the a - th channel; v ≈ v(t¯t) ≈
245 GeV is the vacuum average of the scalar field in the t¯t channel, that dominates the formation of
the gauge boson masses. One can see, that at the tree level in the channels h→ gg, γγ, ZZ,WW
the decay of the t¯t Higgs boson dominates. The contributions of the decays of the other Higgs
bosons are suppressed. The top quark has been integrated out in Eq. (5.10) and its effects are
included in the effective couplings cg and cγ that are given by cg ' 1.03 , cγ = (2/9)cg ' 0.23
(see [72]).
One can see, that in the processes like pp → h(a) → c¯c, b¯b, τ¯ τ (that may be observed at the
LHC) the scalar states h(a) with a = c¯c, t¯t, τ¯ τ correspondingly dominate at the tree level. From
this consideration it also follows that the cross - sections σ(a) of the processes like pp → h(a) →
WW,ZZ, gg, γγ for the t¯t Higgs bosons are much larger than for the other Higgs Bosons and
are close to that of the Standard Model. This means, in particular, that the scalar boson of this
model in the t¯t channel with mass≈ 2Mt is excluded by the LHC data. Therefore, some additional
physics is necessary that either suppresses the corresponding cross - section or makes this state
much heavier. The decays of the other neutral Higgs bosons to ZZ,WW, γγ, gg are suppressed
compared to that of t¯t. Therefore, these scalar states are not excluded by the LHC data.
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6 Lattice discretization
We suggest the geometrical pattern of manifestly gauge invariant discretization that is similar to that
of the Regge calculus or the pattern suggested in [64] for the discretization of Poincare quantum
gravity. It is implied that the Wick rotation is performed. Therefore, we deal with the Euclidean
theory and with the gauge group SO(4) instead of SO(3, 1). We use the hypercubic form of
the lattice cells. We approximate the given manyfold with the SO(4) curvature by the set of the
adjacent hypercubes of the same size. It is implied that the Lorentz connection is localized on the
sides of these hypercubes. As for the fermion field we consider the approximation, in which inside
each hypercube the fermion field is constant. As a result, the lattice sites of the given regularization
are placed in the middles of the hypercubes. The SO(4) connection is attached to links. The
curvature is localized on the plaquettes. Its values in the adjacent hypercubes are related by the
gauge transformation.
The model to be discretized has the action S = Sf + ST + SG, where the different terms are
given by Eq. (2.1), Eq. (3.1), Eq. (3.2). The lattice discretized action for the fermions is similar to
that of suggested in [63] (we performed the rotation to the Euclidean signature of space - time):
Sf =
∑
xy
{ψ+L,xHxyL ψL,y + ψ+R,xHxyR ψR,y}, (6.1)
where
HL =
∑
k
(
η{U+R,yxτ¯kδx−ek,y − τ¯kUL,xyδx+ek,y}
−iθ{U+R,yxτ¯kδx−ek,y + τ¯kUL,xyδx+ek,y − 2τ¯kδx,y}
)
HR =
∑
k
(
η{U+L,yxτkδx−ek,y − τkUR,xyδx+ek,y}
−iθ{U+L,yxτkδx−ek,y + τkUR,xyδx+ek,y − 2τkδx,y}
)
τ4 = τ¯4 = −i, τa = −τ¯a = σa(a = 1, 2, 3) (6.2)
Here the link matrix is
Uyx =
(
UL,yx 0
0 UR,yx
)
, UL, UR ∈ SU(2) (6.3)
The action is (formally) invariant under the gauge transformation
ψx → Gxψx, ψ+x → ψ+x Γ4G+x Γ4, Uxy → GxUxyG+y , τk → GLτkG+R, τ¯k → GRτ¯kG+L
G =
(
GL 0
0 GR
)
, GL, GR ∈ SU(2), Γ4 =
(
0 1
1 0
)
(6.4)
This symmetry is broken by the lattice discretization, and is restored in the continuum limit, when
the invariance under local SO(4) coordinate transformations comes back. (The appropriate trans-
formations of the coordinates compensate the transformation of τ and τ¯ .) The fermion action can
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also be rewritten in the following way:
Sf =
∑
xy
ψ+x Γ
4HxyL ψy,
H =
(
0 HR
HL 0
)
, H+L = HR (6.5)
Remarkably, for θ 6= 0 in the absence of the gauge field the given discretization gives no
doublers just like the Wilson formulation of lattice fermions.
Next, let us introduce the definition of lattice SO(4) curvature. It corresponds to the closed
path along the boundary of the given plaquette started from the given lattice site x. Therefore, it is
marked by the position of the lattice site x and the couple of the directions in space - time n, j.
G4,kx,n,j = −Gk,4x,n,j = i sign(n) sign(j)
(
Tr (UL,x,n,j − U+L,x,n,j)σk − Tr (UR,x,n,j − U+R,x,n,j)σk
)
Gk,lx,n,j = i sign(n) sign(j) klm
(
Tr (UL,x,n,j − U+L,x,n,j)σm + Tr (UR,x,n,j − U+R,x,n,j)σm
)
(6.6)
Here n, j = ±1,±2,±3,±4. Positive sign corresponds to the positive direction while negative
sign corresponds to the negative direction in 4D space - time. The plaquette variables obtained by
the product of link matrices along the boundary of the plaquette located in n, j plane (starting from
the point x) are denoted by UR,x,n,j and UR,x,n,j . Contraction of indices results in the definition of
lattice Ricci tensor R and the lattice scalar curvature S. Both these quantities are also attached to
the closed paths around the boundaries of the plaquettes and are marked by x, n, j.
Rkx,n,j = Gk,|n|x,n,j , Sx,n,j = R|j|x,n,j (6.7)
For the part of the action linear in curvature we have:
ST = −κ
∑
x
∑
n,j=±1,±2,±3,±4
Sx,n,j (6.8)
Analogue of quantity A from Eq. (3.3) is given by
Ax,n,j =
∑
kl
|n||j|klGk,lx,n,j (6.9)
Contraction of indices in quadratic expressions results in the following combinations:
Q(1)x =
∑
k,l,n,j
G|k|,|l|x,n,j G|k|,|l|x,n,j
Q(2)x =
∑
k,l,n,j
G|k|,|l|x,n,j G|n|,|j|x,k,l
Q(3)x =
∑
k,n,j
R|k|x,n,jR|k|x,n,j
Q(4)x =
∑
k,n,j
R|k|x,n,jR|j|x,n,k
Q(5)x =
∑
n,j
Sx,n,jSx,n,j
Q(6)x =
∑
n,j
Ax,n,jAx,n,j (6.10)
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(The sum is over positive and negative values of n, j, k, l.) Finally, the term in the action quadratic
in curvature has the form
SG =
∑
x
6∑
i=1
βiQ
(i)
x (6.11)
Our main expectation is that in this theory the chiral symmetry is broken dynamically while
the confinement is absent. The main quantities to be measured are the static potential extracted
from the Polyakov loops and the chiral condensate. The chiral condensate χ may be calculated
using the Banks - Casher relation
χ = − pi
V
〈ν(0)〉, (6.12)
where ν(λ) is the density of eigenvalues of the operatorH given by Eq. (6.5), V is the 4D volume.
The potential VLL¯(R) = VRR¯(R) between the static (either left - handed or right - handed)
fermion and anti - fermion is defined through the relation
exp(−VLL¯(|x− y|)T ) = 〈PL(x)PR(y)〉,
PL(x) = Tr
(
ΠK=0,...,T−1UL,x+Ke4,x+(K+1)e4
)
,
PR(y) = Tr
(
ΠK=0,...,T−1UR,x+Ke4,x+(K+1)e4
)
(6.13)
Here x4 = y4 = 0, while T is the lattice extent in time direction. The potential VLR¯(R) = VRL¯(R)
between the static fermion and anti - fermion of different chiralities is given by
exp(−VLR¯(|x− y|)T ) = 〈PL(x)PL(y)〉 = 〈PR(x)PR(y)〉 (6.14)
7 Conclusions
In this paper we considered the fermions coupled in a nonminimal way to the gauge theory of
Lorentz group. First, we have derived the effective four - fermion low energy theory (the NJL
approximation). The derivation was based on the assumption that the couplings βi entering Eq.
(3.2) are asymptotic free. As a result the term of the gauge field action squared in curvature can be
neglected at small enough energies.
In our analysis of the effective NJL low energy theory we follow the proposition of [6] that the
microscopic theory is organized in such a way that the contributions from the trans - Λχ degrees
of freedom cancel the dominant divergences at more than one loop existing in the NJL model.
(The unified theory that generalizes the gauge theory of Lorentz group may play the role of such a
microscopic theory. We even do not exclude that the gauge theory of Lorentz group itself may play
such a role and provide mechanism for this cancellation.) This pattern is similar to that of quantum
hydrodynamics [40] and was proposed for the solution of the hierarchy problem and the problem
of vacuum energy in [41]. The one - loop analysis demonstrates that the effective NJL model
may provide the chiral symmetry breaking. This results in the dynamical electroweak symmetry
breaking and in the appearance of the masses for W,Z bosons, as well as the masses of all existing
fermions.
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Thus we have suggested the possible new scenario of the dynamical electroweak symmetry
breaking. In this scenario Lorentz group plays the role of the technicolor group. But there are no
technifermions. The Higgs bosons are composed directly of the existing Standard Model fermions.
We have demonstrated that the chiral symmetry breaking may take place in the given model in
the approximation when the squared curvature gauge field action SG is neglected. In the same
approximation the confinement is absent. This indicates that in the complete theory with SG taken
into account the chiral symmetry breaking may take place in the absence of confinement. If this
pattern indeed takes place, the chiral condensate provides masses for the electroweak gauge bosons.
In the zero order approximation all fermions have equal masses. The fermionic excitations are not
confined and may exist as distinct particles. We suggest that the observed massive Standard Model
fermions may appear in this way.
As it was mentioned above, in the zero order approximation all fermion masses are equal to
each other. The standard model gauge fields (and, probably, some other unknown fields) interact
with the fermions and provide small corrections to the gap equations. In [7] the model was sug-
gested that appears as a result of the deformation of the model, in which the fermions experience
only the interaction with the gauge bosons of the Lorentz group. This model is considered in details
in section 5 of the present paper. The spectrum of bosonic and fermionic excitations in this model
is given by the expressions similar to that of [5, 6]. We observe, that in this case small corrections
to the original model may result in the considerable difference between the fermion masses. This
is provided by the mentioned above fine tuning that allows to disregard the higher loops in the NJL
approximation. Although the fine tuning of this type is often thought of as unnatural, we do not
think it is possible to avoid it in the model that pretends to explain the appearance of the fermion
masses from less than 1 eV for neutrino to above 100 GeV for the top - quark. The models con-
sidered in [5–7] suffer from various problems that at the present moment do not allow to consider
them as realistic. First of all, in the strongly coupled model of this type the spectrum of bosonic ex-
citations contains scalar excitations with small masses (much smaller than the electroweak scale).
One of the possible solutions of this problem was sketched in [5]. Namely, these light scalar bosons
may appear to be the Goldstone bosons eaten by some gauge fields during the spontaneous break-
down of the additional gauge symmetries. Besides, as it was mentioned in [7], the scalar state of
the t¯t channel is excluded by the present LHC data. So, the mechanism should be added that either
suppresses the cross section with the creation of this state, or increases its mass considerably. It is
worth mentioning that the model of [7] considered in section 5 of the present paper does not ex-
haust all possible deformations of the original theory, in which the fermions interact with the gauge
field of the Lorentz group. That’s why, it could be that more realistic deformations may appear.
We have suggested the lattice discretization of the model, in which fermions interact with the
gauge bosons of the Lorentz group. On the lattice the gauge invariance is lost. It is supposed to
be restored in the continuum limit. Lattice Dirac operator has several peculiar properties. In the
presence of nonminimal interactions the fermion doublers disappear like in the model with Wilson
fermions. The Dirac operator is Hermitian, and the Banks - Casher relation can be used in order to
check the appearance of the chiral condensate.
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